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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
producing a lightweight molded body having a desired 
material behavior under certain stress conditions, and 
provide a molded body. 
SOLUTION: A free-flowing metal foam with a 
monomodal distribution of dimensions of voids and a 
proportionate maximum longitudinal extension thereof in 
a range of 1.0-30.0 mm is methodologically and 
technologically produced, introduced into a mold and 
compressed therein essentially under all-round pressure, 
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wherein the particle-containing, molten metal boundary walls enclosing the voids are at least 
partially given planar areas and the heat of solidification of the melt is dissipated. In the 
lightweight molded body consisting of the objective foamed metal, the foamed metal of the 
molded body has a monomodal distribution of the proportionate maximum longitudinal 
extension of the voids in the range of 1 .0-30.0 mm in a three-dimensional view. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method for producing a lightweight molded 
body having a desired material behavior under certain stress conditions, and 
provide a molded body. 

SOLUTION: A free-flowing metal foam with a monomodal distribution of 
dimensions of voids and a proportionate maximum longitudinal extension thereof 
in a range of 1 .0-30.0 mm is methodologically and technologically produced, 
introduced into a mold and compressed therein essentially under all-round 
pressure, wherein the particle-containing, molten metal boundary walls 
enclosing the voids are at least partially given planar areas and the heat of 
solidification of the melt is dissipated. In the lightweight molded body 
consisting of the objective foamed metal, the foamed metal of the molded body 
has a monomodal distribution of the proportionate maximum longitudinal 
extension of the voids in the range of 1.0-30.0 mm in a three-dimensional view. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] From a metal molten metal with a particle, by putting in gas or a gas mixture object to a metal 
molten metal In the manufacture approach of a Plastic solid a foamy metal is formed, a part is put at 
least into a foamy metal to mold, and the mobile phase of a foamy metal is made to solidify within mold 
It is manufactured by the greatest die length about the rate of the cavity which whose foamy metal which 
can flow is the single mode distribution of the dimension of a cavity, and has it in the range of 1 .0- 
30.0mm. The manufacture approach of a lightweight Plastic solid which it is put in to mold, and is 
substantially compressed by the whole surface in response to a pressure within mold, and the range of 
plane exists in the metal molten metal partition wall containing the particle which surrounds a cavity in 
part at least, and is characterized by drawing the heat of solidification of a molten metal. 
[Claim 2] The approach according to claim 1 characterized by being put into gas by the supply pipe 
which projects and enters to a molten metal in order to adjust the single mode distribution of the 
magnitude of a cavity. 

[Claim 3] The approach according to claim 1 or 2 characterized by being carried out within the mold in 
which compression of the foamy metal which can flow has an inside dimension equivalent to the 
dimension of a request of a Plastic solid. 

[Claim 4] The lightweight Plastic solid which consists of spherical or the foamy metal characterized by 
for the foamy metal of a Plastic solid seeing in three dimensions, and having the single mode 
distribution of the greatest die length in the range of 1.0-30.0mm about the rate of a cavity in what 
consists of the foamy metal which consists of a metal base material including ellipsoid-like many 
cavities substantially [ a particle is contained and ]. 

[Claim 5] The Plastic solid according to claim 4 characterized by the partition wall which includes a 
cavity in part at least having the range of plane. 

[Claim 6] The Plastic solid according to claim 4 or 5 with which a foamy metal is seen in three 
dimensions, and the ratio of the length between couplings of two cavities different, respectively is 
characterized by being smaller than 45 by the average about at least 20 pairs. 
[Claim 7] The Plastic solid of one publication of claim 4-6 which looks at a foamy metal in three 
dimensions, and is characterized by it being smaller than 30 at the average about at least 20 pairs, and 
the ratio of the length between couplings of two cavities different, respectively being smaller than 15 if 
possible, and being smaller than especially 5. 

[Claim 8] The Plastic solid of one publication of claim 4-7 characterized by distributing and containing 
the particle in homogeneity in a metal base material. 

[Claim 9] The Plastic solid of one publication of claim 4-8 with which the cavity which adjoins mutually 
is characterized by dissociating mutually thoroughly with the metal base material. 
[Claim 10] a metal base material - a light metal - the Plastic solid of one publication of claim 4-9 
characterized by consisting of **** aluminum or an aluminum alloy. 

[Claim 1 1] The Plastic solid of one publication of claim 4-10 characterized by the particle contained in a 
metal base material having 1-50 micrometers of magnitude which is 3-20 micrometers if possible. 
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[Claim 12] a metal base material - a non-metallic particle » the Plastic solid of one publication of claim 
4-1 1 characterized by containing the particle which consists of a **** SiC particle, 20aluminum3 
particle, or the phase between metals. 

[Claim 13] The Plastic solid of one publication of claim 4-12 characterized by being 15 to 30 volume % 
so that the volume rate of the particle contained in the metal base material may 10-50 volume % 
Become. 

[Claim 14] The Plastic solid of one publication of claim 4-13 characterized by the consistency of a 
foamy metal being smaller than 1.05 g/cm3, and if possible being smaller than 0.7 g/ern3. 



[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a lightweight Plastic solid 
a foamy metal is formed, a part is put at least into a foamy metal to mold, and the mobile phase of a 
foamy metal is made to solidify within mold from a metal molten metal with a particle by putting in gas 
or a gas mixture object to a metal molten metal. 

[0002] furthermore, substantially, a particle is contained and it relates [ this invention is alike and ] to 
spherical or the lightweight Plastic solid which consists of a metal base material including ellipsoid-like 
many cavities. 

[0003] The Plastic solid which consists of a foamy metal has a consistency small naturally, and has a 
special mechanical material property according to structure. For example, such a Plastic solid will 
receive the large deformation with the condensation to 70% or more, if three-dimensions compressive 
stress is applied. These ingredients with a special property are [ in / a technical activity ] advantageously 
usable as an energy absorption object in an automobile technique etc. 

[0004] If such a Plastic solid is used for the selected function with a specific parameter, it is important to 
guarantee the description of the property in which the respectively same rendering of an ingredient is 
possible. 
[0005] 

[Description of the Prior Art] From the Europe patent application announcement No. 483 184 
description, it is put in to the molten metal of a metal with the reinforcement means with which the gas 
which the manufacture approach of the foamy metal reinforced with a particle is well-known, and forms 
a eel was distributed minutely, and the foaming metal matrix composite is formed, the bubble which 
accumulated from the front face of the fused ingredient is removed, and it is made to solidify, however, 
a bubble with the magnitude or magnitude distribution which cannot control this foamy metal - having - 
- that result - the property profile bluntest [ of a bubble object or a Plastic solid ] being generated - a 
function - technical instability arises. 

[0006] According to the Europe patent application announcement No. 545957 description and the U.S. 
Pat. No. 5221234 description, another lightweight metal body has the stoma of spherical a large number 
in closing with the magnitude in the range of 10-500 micrometers, and general [ which were separated ]. 
Although the stoma small in this way which has a large difference in a diameter can give small specific 
gravity to the metal body formed with aluminum as compared with a solid ingredient, in predetermined 
conditions, a consistency and 60% or more of condensation of an ingredient smaller than 1.0 g/cm3 are 
not obtained, when the most. 

[0007] in order to manufacture the lightweight object of the various configurations formed from a foamy 
metal - one by one (a U S; Pat. No. 5281251 description -) the Federal Republic of Germany patent 
No. 4326982 description - or - continuous (a U.S. Pat. No. 5334236 description -) Although the body 
on which the approach and equipment of a large number which operate on the Europe patent application 
disclosure No. 544291 description, the Federal Republic of Germany patent No. 4326982 description 
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and international application^ 91st ] No. 03578 descriptions are already proposed, and thereby 
completely function theoretically can be manufactured The mechanical property cannot be set up in the 
precision often demanded. 
[0008] 

[Problem(s) to be Solved by the Invention] It is aiming at enabling the configuration of the internal 
structure of a Plastic solid so that this invention offers relief measures here, the approach of the class 
raised first may be offered in order to manufacture a lightweight Plastic solid, and an ingredient may 
have an exact mechanical property value substantially by that cause. 

[0009] Furthermore, the technical problem of this invention is offering the Plastic solid of a class which 
raised to the beginning which has the structure which has a substantially precise deformation property 
according to the many dimensions-compressive stress impressed especially 
[0010] 

[Means for Solving the Problem] The object by this invention is manufactured by the greatest die length 
about the rate of the cavity which whose foamy metal which can flow is the single mode distribution of 
the dimension of a cavity, and has it in the range of 1 .0-30.0mm. It is put in to mold, and is substantially 
compressed by the whole surface in response to a pressure within mold, the range of plane exists in the 
metal molten metal partition wall containing the particle which surrounds a cavity in part at least, and it 
is reached by drawing the heat of solidification of a molten metal. 

[001 1] The advantage acquired by this invention is that the single mode distribution of the dimension of 
the cavity in a foamy metal brings about the prerequisite of the material property in a specific stress 
condition substantially. It is important for the specific surface load to which the diameter of the greatest 
cavity can bear about a rate in the case of impression of the height of the elasticity limit of an ingredient, 
and the compressive stress of a member. 

[0012] In order to create the range of plane in part at least in a partition wall, depending on the case of 
the whole surface, few compressive loads are substantially [ the bubble which can flow ] required, and 
the advantage of future plurality arises. However, it is especially important that the partition wall which 
is in a bubble ingredient in this way, and its branching range are advantageously set up or formed to a 
mechanical support load or a crookedness load. Thereby, in case a predetermined stress range is 
exceeded, crookedness of a stoma or breaking of a stoma is performed by large deformation or 
condensation in the case of the slight coagulation of a lightweight object. 

[0013] In order [ for the single mode distribution acquired within limits with the narrow dimension of 
the cavity in a bubble ingredient ] to adjust the single mode distribution of the dimension of a cavity 
about the rate of a cavity for precise setting out of the greatest diameter, when it was put into gas by at 
least one supply pipe which projects and enters to a molten metal, it turned out especially that it is 
advantageous. 

[0014] It is advantageous if carried out within mold with the inside dimension with which it corrects in 
manufacturing technology and compression of the foamy metal which can flow is equivalent to the 
dimension of a request of a Plastic solid also about the quality of a product. 

[0015] About mechanical load, especially, about a desired material property, another technical problem 
of this invention is solved, when the foamy metal of a Plastic solid sees in three dimensions and has the 
single mode distribution of the greatest die length in the range of 1.0-30.0mm about the rate of a cavity. 
[0016] as the advantage of the lightweight Plastic solid formed in this way from a foamy metal already 
stated first substantially, an advantageous condition is acquired by the single mode method about the tee 
configuration of the wall of air bubbles - antecedent-basis attachment **** in the 2 modes or many 
mode distribution of magnitude of a cavity , it be small to the wall branch point , or the thickening 
section and the solidification shrinkage section which have a very small stoma depending on the case 
exist in it , on the other hand , it raise the specific gravity of a bubble object , and crookedness of the 
wall at the time of increase the metal costs for form it , bar division of a force component on the other 
hand , and a load be apply by that cause be determine uniquely . 

[0017] If the partition wall which includes a cavity in part at least has the range of plane, the advantage 
by this invention of the effectiveness of the mechanism of action will be strengthened in the case of 
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division of the component of compressive force. 

[0018] Furthermore, a foamy metal is seen in three dimensions, and if the ratio of the length between 
couplings of two cavities different, respectively is smaller than 45 at the average about at least 20 pairs, 
the substantially narrow load range from which breaking of a bubble cavity begins will be obtained so 
that advantageously. 

[0019] A foamy metal is seen in three dimensions in that case, and if it is smaller than 30 at the average 
about at least 20 pairs, and the ratio of the length between couplings of two cavities different, 
respectively is smaller than 15 if possible and smaller than especially 5, according to a compressive 
load, the precision of the shift to plastic deformation from the elastic deformation of an ingredient can be 
raised further. These values are related to the cavity created, when not taking into consideration 
solidification shrinkage in a Plastic solid. 

[0020] In case manufacture of a foamy metal and mechanical load are applied, the presentation and 
configuration of a partition wall of a floating metal and a cavity are also important for the property of a 
Plastic solid similarly. 

[0021] If the particle is distributed and contained in homogeneity in the metal base material for 
reinforcement, isotropic high reinforcement of the charge of a base material will be given about 
mechanical load. The cavity which adjoins mutually in that case is advantageous even if it is thoroughly 
separated mutually by the metal base material. Not each crack which may be produced with mechanical 
stress in the case of cooling acts, in case a compressive load is applied. 

[0022] a metal base material a light metal -- if it consists of **** aluminum or an aluminum alloy -- 
** - a light Plastic solid can create by this invention. 

[0023] Furthermore, if the particle contained in a metal base material has 1-50 micrometers of 
magnitude which is 3-20 micrometers if possible, an advantageous weight-property ratio will be 
obtained especially. 

[0024] as the reinforcement for the configuration of the bubble separation wall reinforced to foaming 
and its coagulation, or crookedness - a metal base material - a non-metallic particle - when the particle 
which consists of a **** SiC particle, 20aluminum3 particle, or the phase between metals was 
contained, it turned out that it is unexpectedly advantageous. 

[0025] It turned out that it is especially advantageous in it being 15 to 30 volume % so that the volume 
rate of the particle contained in the metal base material in that case may 10-50 volume % Become. 
[0026] If the consistency of a foamy metal is smaller than 1.05 g/cm3 and smaller than 0.7 g/cm3 if 
possible, a weight-property ratio with the advantageous lightweight Plastic solid of the class by this 
invention can be raised. 

[0027] Drawing and the diagram which were manufactured at the time of material testing explain this 
invention further. 

[0028] The configuration of the cavity in the aluminum Plastic solid by this invention is shown to (A) of 
drawingl , and (B) by the sectional view. In the single mode distribution of a dimension, the length 
between couplings of the cavity which is in the Plastic solid of (A) in the range of 20-12mm was 
checked, and the greatest die length was 17.2mm about the rate. Although about 3.2% of compression of 
the foamy metal which can flow was performed, the range of plane is remarkably formed in the range of 
the partition wall which surrounds a cavity. 

[0029] Drawing 2 shows the relation between the consistency of a Plastic solid, and compressive stress. 
The single mode distribution of the length between couplings of a cavity and its increasing homogeneity 
influence the dispersion band of relation restrictively in the case of development. If it puts in another 
way, when the single mode distribution of the cavity in a bubble object exists and the cavity has specific 
magnitude in the narrow range, it is a precise physical characteristic the start of deformation or breaking 
in the case of compressive-stress impression. Thereby, the property of a bubble member is precisely 
computable, or can specify the configuration and structure of a bubble member to a specific function so 
that advantageously. 

[0030] The stress related to a compression set is shown about the experimental result of three Plastic 
solids as compared with drawing 3 . The structure of Plastic solids 1 and 2 with the consistency of 0.091 
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g/cm3 and 0.1 14 g/cm3 is based on this invention, and the comparison object 3 had 2 mode distribution 
of the dimension of the cavity which has ingredient concentration in the tee of ****. In the compression 
curve of Plastic solids 1 and 2, very slight hardening of a Plastic solid is accepted to about 70% of 
condensation. The comparison object 3 shows remarkable hardening of an ingredient to about 45% of 
condensation, and hardening increases further from this value. This shows hardening of 2 mode 
distribution of a cavernous dimension. 

[003 1] Drawing 4 shows the tee configuration of **** of a lightweight object with the sectional view. 
The tee configuration with the sharp wall edge between three cavities is shown in (A). Such a tee tends 
to produce the crack and destruction in the joint range at an early stage. (B) shows the thickened wall 
tee. This tee configuration produces the disadvantageous configuration of a force component in the case 
of compressive-load impression of large specific gravity and a Plastic solid. (C) shows the tee for a wall 
and the thickness and tee mass of a wall are advantageously formed by slight hardening of the Plastic 
solid in large condensation about the large compression set. 

[0032] The foamy metal body without compression formed of this invention was shown by the top view, 
and gas is a different separation parameter to a bubble, and it was put into it by drawing 5 with the 
supply pipe which projects and enters to a molten metal. The single mode distribution of each dimension 
of air bubbles is known. The metal body by (A) has 0. lg /of specific gravity of 3 cm, and the metal body 
by (B) and (C) has the specific gravity of 0.2 g/cm3 and 0.4 g/cm3. 

[0033] A computerized tomography data group is usable because of count (consistency mapping) of the 
value of a local consistency. The equalization process for calculating a local consistency makes it 
possible to check the ingredient distribution between equalization volume. The diagram of the 
consistency value by which inspection was calculated can give the break through about the homogeneity 
of a lightweight Plastic solid. 

[0034] Drawing 6 shows the relative frequency of the average local consistency in Plastic solid 1 and the 
comparison object 2 by this invention which were searched for by the computer fault method. The 
average local consistency of Plastic solid 1 has narrow frequency maximum in about 0.22 g/cm3, and 
this shows the range where length between couplings is narrow about the single mode distribution of the 
dimension of a cavity, and the rate of a cavity. In contrast, the multi-mode comparison object 2 is 
characterized by broad progress with remarkable depression of an average local consistency value. 

[Translation done] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the lightweight Plastic solid by this invention is shown. 

[Drawing 2] The graph of the relation between the consistency of a Plastic solid and compressive stress 

is shown. 

IDrawingJ.1 The graph of relation with the compressive stress of a Plastic solid is shown. 

[Drawing 4] Three sectional views of the tee configuration of **** are shown. 

Prawing 5] Three top views of a bubble object with different volume density are shown. 

[Drawing 6] the bubble object by this invention, and a ratio - the graph of the average local consistency 

of a bubble obj ect is shown. 



[Translation done.] 
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